Purpose of Review Longitudinal studies show that the menopausal transition (MT) is associated with poorer self-reported sleep. Increases in sleep disturbances across and beyond the MT are strongly associated with vasomotor symptoms (VMS) but occur even without VMS. We analyzed data from baseline through 13 annual or biennial follow-up assessments from SWAN's multi-racial/ethnic cohort of midlife women, specifically focusing on patterns of sleep problems in the years preceding and following the final menstrual period (FMP). The FMP demarcated the MT and the postmenopausal period. We addressed the following questions: (1) are there distinct trajectory patterns of sleep problems across the MT, and (2) do pre-FMP sleep trajectories predict sleep problems around the time of FMP (trans-FMP) and post-FMP? Group-based trajectory modeling using repeated-measures log-binomial regression with generalized estimating equation methods was used to describe trajectory patterns of the most prevalent sleep problem, waking several times at least 3 nights weekly during the previous 2 weeks, in 1285 naturally menopausal women. Recent Findings We found (1) 4 distinct trajectories for waking several times per night across the MT [low prevalence (n = 487; 37.9%), moderate prevalence (n = 365; 28.4%), increasing prevalence (n = 197; 15.3%), and high prevalence (n = 236; 18.4%)]; (2) the prevalence of sleep problems increased overall, but in one trajectory group (increasing prevalence) more than in the other three; and (3) trouble falling asleep, early morning awakening, and frequent VMS were strongly associated with problems waking several times that persist into postmenopause. Summary Using trajectory analysis, we showed that, in general, awakenings were stable or increased slowly from pre-FMP to post-FMP.
Introduction
Sleep is a biological imperative-a fundamental behavioral and neurobiological state intrinsic to biological systems [1] and influences women's health and wellbeing during and after the menopausal transition (MT) [2] . Poor sleep can affect cognition [3, 4] , increase risk for depression [5] [6] [7] , increase health-damaging behaviors [8] , and may increase risk for cardiometabolic disorders [9] [10] [11] [12] . The MT may be a key
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Aging affects sleep, and sleep problems in women are especially prevalent during the late reproductive (perimenopausal) stages and across the MT. The task of teasing apart the relative contributions of chronological and reproductive aging has been challenging. In large surveys, peri-and postmenopausal women report more sleep disturbances than do premenopausal women [13] . However, most studies have been cross-sectional and defined the MT according to selfreported bleeding status rather than by endocrinologic patterns of hormone changes associated with ovarian aging (particularly follicle stimulating hormone (FSH) and estradiol (E2) concentrations) relative to the final menstrual period (FMP) [14] . The FMP, defined as the initial day of the last menstrual period preceding 12 consecutive months of amenorrhea without other obvious pathological or physiological cause [15] , is a biological marker of ovarian aging, which is manifested clinically as the MT. Thus, women's sleep problems may be associated with hormonal changes occurring at the MT.
Although most observational studies of insomnia have found greater prevalence among women than men [16] , especially in the postmenopausal years, limited longitudinal studies of sleep complaints across the MT and into the postmenopause have been published [17•, 18, 19, 20•] . A systematic review of eight longitudinal studies published prior to 2013 [20•] involving community dwelling midlife women showed a "small increased risk of self-reported sleep disturbance" through the MT after adjusting for potential confounders. Longitudinal data from the Study of Women's Health Across the Nation (SWAN) [21] and other studies [22] [23] [24] [25] [26] showed that self-reported sleep disturbances increase through the MT and are strongly associated with vasomotor symptoms (VMS) [17•, 21, 27-32] , but that even among women without VMS, the MT has been associated with poorer self-reported sleep [17•, 33] .
A narrative review of both cross-sectional and longitudinal analyses of menopause-related self-reported sleep quality and physiologically monitored (actigraphy or polysomnography) sleep patterns [34•] showed that compared with late reproductive age women, more women in MT stages (i.e., early and late perimenopause) perceived poor sleep. Self-reported awakenings from sleep (including number and duration of bouts of wakefulness during sleep and early morning awakening) as well as increased sleep latency (trouble falling asleep) were the sleep symptoms during the MT that were most often mentioned. Both Shaver and Woods [34•] and Xu et al. [20• ] noted differences in conclusions among studies that could be attributed to sample heterogeneity, variability in sleep assessment methods and measures, and incomplete or inconsistent accounting for confounding factors (including comparing broader age ranges or across menopausal status stages that affect sleep).
More recently, Freeman et al. [17•] examined the prevalence and predictors of moderate/severe poor sleep in relation to the FMP in 255 Black and White women followed with approximately annual assessments for 16 years in the Penn Ovarian Aging Study cohort. Except in a small "at-risk" subgroup, they found no significant increase in poor sleep in any year relative to the FMP, and premenopausal sleep status predicted poor sleep around the FMP (i.e., FMP to 3 years after). Concurrent hot flashes contributed to poor sleep independent of baseline sleep status.
SWAN data showed that bleeding-defined menopausal stages and endogenous sex steroid hormones were associated with self-reported problems falling asleep, awakenings from sleep, and early morning awakening after controlling for a broad array of factors that have been associated with these sleep problems [21] . However, drawbacks of these analyses included limited follow-up and modeling strategies, a potentially biased sample of "early transitioners," and imprecise predictors of FMP.
Herein, we analyzed data from baseline through 13 annual or biennial follow-up assessments from those SWAN participants who had a documented FMP. Analyses focused on patterns of sleep problems in the years preceding the FMP rather than on women's menopausal transition stage, and on how the trajectories changed at and following the FMP. Because prior SWAN analyses have demonstrated distinct trajectory patterns of VMS [35] as well as of E2 and FSH [36] , and because Freeman et al. [17•] found a small at-risk subgroup for poor sleep, we hypothesized the presence of distinct trajectory patterns of sleep problems before and after the FMP.
Our specific hypotheses were that [1] there are distinct trajectory patterns of sleep problems across the MT (Fig. 1 , Hypothesis 1) and that [2] pre-FMP sleep trajectories predict sleep problems (a) across the MT (Fig. 1, Hypothesis 2A) , (b) around the time of FMP (trans-FMP; Fig. 1 , Hypothesis 2B), and (c) post-FMP (Fig. 1, Hypothesis 2C ), even after adjusting for time-varying covariates which have been shown to be related to sleep problems.
Methods Study Design and Participants
SWAN is a multi-ethnic, community-based, cohort study of the menopausal transition. Initiated in 1996, 3302 women were enrolled at seven SWAN sites: Boston, MA; Chicago, IL; Detroit area, MI; Los Angeles and Oakland, CA; Newark, NJ; and Pittsburgh, PA. Study design and recruitment of the SWAN cohort have been described in detail [37] . Briefly, each site recruited Caucasian women and a minority group sample. Eligible women were 42-52 years, premenopausal or early perimenopausal, had an intact uterus and at least one ovary, had at least one menstrual period in the previous 3 months, and they were not pregnant/lactating or using any sex steroid hormones in the 3 months preceding the baseline interview. At study entry, approximately half the women were premenopausal and half were early perimenopausal according to bleeding criteria. Extensive data on psychological, social, and health parameters were collected at baseline and thereafter at follow-up visits scheduled at approximately 12-to 18-month intervals. Institutional review board approval was obtained at each SWAN study site and, after a complete description of the study to the participants, written informed consent was obtained.
Procedure and Measures
As women with 12 months of amenorrhea are considered postmenopausal, we defined the post-FMP period as starting 1 year after the FMP in the naturally menopausal group. Based on our data, pre-FMP was defined as more than 2.5 years before the FMP, and "trans-FMP" was identified as the 3.5-year period from 2.5 years before the FMP to 1 year after the FMP, which includes the late menopausal transition (Stage −1) and the first year of the early postmenopause (Stage +1a) according to the STRAW +10 staging system [38] . Women who had a hysterectomy and/or oophorectomy prior to their FMP were excluded from these analyses.
Participant selection for inclusion in the various data analyses for the hypotheses is shown in Fig. 1 . Total time in study for the 1285 participants included in analyses was between 2.9 and 
Dependent Variables
At each assessment, women self-reported trouble falling asleep (sleep initiation problems), waking up several times a night (sleep maintenance problems), and waking up earlier than planned and unable to fall asleep again (early morning awakening). Frequency of sleep problems in the past 2 weeks was recorded as [1] none, [2] less than once a week, [3] one or two times a week, [4] three or four times a week, [5] five or more times a week, and dichotomized as "no" (<3 times a week) or "yes" (≥3 times a week). "Waking several times" represented the best single sleep problem for examining changes across the MT for this naturally menopausal group (Table 1 and Fig. 2) as it was the most frequent symptom, as previously reported in postmenopausal women [39] , and is the focus of the analyses for this report.
Independent Variables
The primary independent variables were the pre-FMP sleep trajectory groups for waking several times. Our approach to identifying these trajectory groups is described in Data Analysis. 
Covariates
The primary covariates were all time-varying: (a) the other two individual sleep problems (trouble falling asleep, early morning awakening); (b) frequency of vasomotor symptoms in the past 2 weeks (VMS; hot flashes/flushes and/or night sweats), which were analyzed as a three-level categorical summary variable (0, no symptoms; 1, VMS on fewer than 6 days; 2, at least one symptom reported 6-14 days); and (c) serum reproductive hormone concentrations (follicle stimulating hormone, FSH; estradiol, E2), which were measured on days 2-5 of a spontaneous menstrual cycle occurring within 60 days of recruitment at the baseline visit, and annually thereafter; the assay procedure has been described [21] . If a day 2-5 specimen could not be obtained after 2 attempts, or if a participant was post-FMP, a random fasting specimen was taken within 90 days of the annual assessment. Because not all pre-FMP reproductive hormone samples were collected within the intended window, cycle day of blood draw also was included as a covariate (dichotomized as day 2-5 versus not day 2-5 or unknown). E2 and FSH data from the last two assessments, follow-up 12 and 13, were not available due to changes in assay methods. Other time-varying covariates included marital status (married/living with a partner versus not), body mass index (BMI; calculated as weight divided by the square of height, kg/m 2 ), psychological symptoms (Center for Epidemiologic Studies- Depression scale (CES-D; [40] ) score, calculated as the sum of all items minus the sleep item, and anxiety symptoms score, calculated as the sum of 4 items (irritability/grouchiness, feeling tense/nervous, heart pounding/racing, feeling fearful for no reason), scored on a scale from 0 (not at all) to 4 (every day over 14 days) derived from a menopausal symptom questionnaire [41, 42] ), psychosocial variables (social support [43] , financial resource strain ( [44] ; very or somewhat hard to pay for basics versus not hard at all)), self-assessed health (very good/excellent versus poor/fair/good [45] ), number of medical conditions (diabetes, anemia, hypertension, osteoporosis, hyperlipidemia, migraines, thyroid problems, osteoarthritis, stroke, heart attack, angina, cancer, fibroids; 0 or 1 condition versus 2 or more conditions), the Short Form-36 bodily pain score (percentile, range = 0-100, with higher scores indicating less pain, derived from the sum of the two items assessing the level of pain severity and the extent to which pain has interfered with function; [45] ), health-related behaviors (current smoking, alcohol and caffeine use, physical activity), and medications (menopause hormone therapy, medication for nervous conditions [e.g., antidepressants, tranquilizers], sedatives [including medication taken to sleep], and medication taken for pain). Time-invariant covariates included sociodemographics (self-identified race/ethnicity, study site, education [completed high school or less versus more than a high school diploma], income [6 categories; see Table 2 ], and age at FMP). Since women were nested within race/ethnicity groups and study site, a combined variable with 14 categories was created, and participants were treated as nested within this variable.
Data Analysis
Analyses for this paper included all SWAN participants with an FMP and sleep data for at least one time point pre-FMP and at least one time point post-FMP. Analyses were anchored/ centered on the FMP (time 0). VMS was included as a covariate in all analyses because VMS are associated with subjective sleep disturbances, particularly nighttime awakenings, across the MT [30, 32, 46, 47] . E2 and FSH values were set to missing for visits 12 and 13 because these data were not available. Although the New Jersey (NJ) site did not complete full in-person clinic visits for SWAN follow-up visits 8-11, inperson assessments resumed at visit 12 so NJ data were included in the analyses. All analyses were completed in SAS 9.3 (SAS, Cary, NC). Two-tailed P values <0.05 were considered statistically significant.
Hypothesis 1: For the 43 women with a hysterectomy or oophorectomy after their FMP, observations were censored at the time of surgery. To describe trajectory patterns of problems waking several times over the menopausal transition, group-based trajectory modeling was used (PROC TRAJ; [48] [49] [50] ). Timevarying binary indicators of sleep problems as a function of the FMP were analyzed. The date of FMP was set as time 0. Time pre-and post-FMP was calculated by substracting annual visit date and the date of FMP. We examined whether 3 or 4 groups fit the data best, allowing linear, quadratic, and cubic terms for time in each group. Higher-order terms were eliminated one by one, starting with the least significant term in any group. Bayes Information Criterion (BIC) was used to select the number of distinct trajectory groups [48] . Age at FMP as well as the site/race groups were adjusted in these analyses.
Hypothesis 2: To answer the question of whether pre-FMP sleep predicts sleep problems at the time of FMP (i.e., trans-FMP) and beyond (i.e., post-FMP), we first grouped each woman's sleep reports into three time periods relative to FMP, as described above. Trajectory analyses as described in Hypothesis 1 were repeated for the pre-FMP period, adjusted for age at FMP and the site/race indicators. As in the analysis (H1) using the entire time of the MT transition, 4 groups were identified: Group 1, low prevalence of sleep problems; Group 2, moderate prevalence of sleep problems; Group 3, increasing prevalence of sleep problems; and Group 4, high prevalence of sleep problems throughout. In the best-fitting trajectory model for this restricted time to pre-FMP, only one non-constant term was retained, and it was for Group 3, as anticipated. Trajectories of sleep problems, shown in Fig. 3 , were analyzed using repeated-measures log-binomial regression analysis with the generalized estimating equations (GEE) method (PROC GENMOD; [51] ). The log-binomial model, rather than logistic regression, was chosen because of the high prevalence of the outcome (>10%). The repeated measurements were nested within participants, i.e., the same individuals contributed more than one observation to the dataset, and the dependence of the withinparticipant observations was taken into account in estimating the standard errors. The main effects of group, time, and the interaction of group and time were included in Model 1. Model 2 was adjusted for time-varying early morning awakening and trouble falling asleep. Model 3 included time-varying VMS. Model 4 additionally adjusted for time-varying hormones (E2 and FSH). In modeling the hormone effect, we adjusted for whether the blood draw occurred in the 2-to 5-day window. Models without the group by time interaction fit the data as well as those with the interaction. Therefore, we present only main effects models. For ease of interpretation, we chose to use models with an intercept for each group separately instead of choosing one group as a reference. Single covariates (listed in Table 2 ) were added to Model 4, and those which were significant at level 0.10 were added into the final model. Financial resource strain rather than income was added to the model due to their collinearity and less 
Results

Sample Description
As seen in the CONSORT diagram ( Fig. 1) Table 2 displays the baseline characteristics of the 1285 naturally menopausal women. Their mean age was 45.9 years, and FMP occurred on average 6.7 years later. Among these women, 65% were married, more than three quarters had completed at least some college, modal household income was $50,000-$75,000, and most reported no significant financial resource strain. Although the majority rated their overall health as excellent/good, mean BMI was in the overweight category, just over one-third reported having two or more medical conditions, and one-third had taken medication for pain. Alcohol use was moderate or less for most women in the sample and only 15% were current smokers. In this predominantly premenopausal sample, more than two-thirds reported no VMS and only 7.4% reported frequent VMS. At baseline, 27% of the sample reported a sleep problem occurring at least three times a week, mainly waking several times, which was reported by 87% of the 348 women who indicated a sleep problem.
Baseline Characteristics
Prevalence of Sleep Problems
Prevalence is graphically presented in Fig. 2 for the 1285 women. Table 1 shows these data separately for the pre-, trans-, and post-FMP periods; numbers of women available vary due to missed visits. Waking several times was the most prevalent sleep problem pre-FMP and increased over time, parallel to the trend for any sleep problem. Its overall prevalence in each time period was almost double the prevalence for either trouble falling asleep or early morning awakening, and both its prevalence and its pattern across time paralleled that of the composite "any sleep problem" variable. The trend is less steep for trouble falling asleep and early morning awakening. Moreover, many women who reported waking several times also reported trouble falling asleep and/or early morning awakening.
Trajectories for Waking Several Times across the Menopausal Transition
Hypothesis 1: As depicted in Fig. 3 , we found distinct trajectory patterns for waking several times across the whole data range, including the MT and into the postmenopause (i.e., pre-, trans-, and post-FMP). The best-fitting trajectory model for waking several times included four groups. Groups 1 and 2 had a linear term, Group 3 a cubic term, and Group 4 a quadratic term. Figure 3 shows the trajectory patterns for the 1285 women with a natural FMP: a group with a low pre-FMP prevalence of waking several times (Group 1), a group with a moderate prevalence (Group 2), a group with an increasing prevalence from pre-through post-FMP (Group 3), and a group with a high prevalence of this sleep problem throughout the observation period (Group 4). Pre-FMP trajectory groups: Table 3 displays the baseline comparisons between the four groups for the 1057 women included in the analyses for Hypothesis 2. Overall, these groups differed significantly on a number of symptoms, health indices and behaviors, and medication use characteristics, but notably not on FSH or E2 concentrations. The groups also differed on site and race/ethnic distributions as well as on prevalence of each of the three individual sleep problems but not on other sociodemographic characteristics. Tables 4 and 5 . In the unadjusted model that included only the pre-FMP trajectory groups and time, each of the trajectory groups for waking several times pre-FMP shown in Fig. 4 was significantly associated with similar problems after the FMP in the combined trans-+ post-FMP as well as in each of these two time periods separately. The effect of time was highly significant in the combined periods, reflecting that sleep problems increase across the MT, as is also illustrated in Fig. 2 , in unadjusted models as well as in models adjusted for all pre-selected covariates (trouble falling asleep, early morning awakening, VMS, and reproductive hormones). Trouble falling asleep and early morning awakening contributed significantly to problems with waking several times during all three time periods except in the trans-FMP in the model also adjusted for VMS and hormones. Frequent VMS (6-14 days/2 weeks) were significantly associated with waking several times during all three time periods. Lower FSH concentrations were significantly associated with waking several times only during the post-FMP, and E2 concentrations had no significant association with either trans-or post-FMP problems waking several times. Table 5 shows that the addition of other covariates had little impact on the sleep trajectory parameter estimates for waking several times. After accounting for the effects of trouble falling asleep, early morning awakening, VMS, E2 and FSH, and the covariates that entered into each model, each of the four trajectory groups remained significantly associated with problems waking several times after the FMP in each of the three time periods. In these final adjusted models, time was significant only in the model for predicting post-FMP sleep, and both trouble falling asleep and early morning awakening were significant in all three time periods, as were VMS (except less frequent VMS during the trans-FMP), but neither E2 nor FSH concentrations showed a significant association. None of the covariates was significantly associated with waking several times in the combined trans-+ post-FMP period. Medication for a nervous condition was the only additional covariate that was significantly associated with waking several times during the trans-FMP period. Of the additional covariates added to the post-FMP model, only anxiety symptoms were significantly (but negatively) associated with waking several times.
Pre-FMP Trajectories as Predictors of Transand Post-FMP Trajectories
Hypothesis 2 is addressed in
Discussion
Nagin [48] defined "trajectory" as "the evolution of an outcome over age or time." In this report, we examined trajectories of self-reported sleep problems across the menopausal transition in an aging cohort of midlife women. Specifically, we examined sleep maintenance problems in SWAN women who had a natural transition to menopause. Note that the term "sleep maintenance" refers to these nighttime awakenings, i.e., waking from sleep several times, as noted under the "Dependent variables" section.
Overall, the reported prevalence for all sleep problems increased across the MT, particularly for waking several times. This is consistent with Shaver and Woods [34•] review, that for women during the MT, the most consistently observed sleep problems are those related to wakefulness during sleep episodes. As hypothesized (Hypothesis 1), across the MT, there were distinct trajectory patterns for waking several times (Fig. 3) . Hypothesis 2 examined whether the pre-FMP trajectories (Fig. 4) predicted the post-FMP trajectories (Tables 4  and 5 ). Within each trajectory group, pre-FMP trajectories for waking several times were related to persistent sleep maintenance problems during the trans-and post-FMP periods, even after covariate adjustment.
The good news for women during the MT is that a low prevalence of waking several times at least three nights per week before the FMP, which accounted for the largest proportion of women (53%; Fig. 4) , predicted a pattern of continued low prevalence. Also, the negative parameter estimates indicate that fewer than half of the women in each trajectory group had a sleep maintenance problem at the time of the FMP. For women in the moderate and high trajectory groups, unfortunately, the problem did not seem to remit with time during postmenopause. Notably, in one trajectory group, which included the smallest proportion of the women (17%; 176 of 1057 women), problems waking several times nightly increased from the pre-FMP into the post-FMP (Fig. 4) . Except for the serum concentrations of reproductive hormones E2 and FSH, the covariates most consistently and significantly associated with awakenings around the FMP and during the postmenopause were those selected a priori to be included in all models: trouble falling asleep, early morning awakening, and frequent VMS. Joffe et al. [52] noted that women are most likely to report sleep problems as they transition from late reproductive stage to perimenopause. This is consistent with cross-sectional observations by Woods and Mitchell [26] , based on diary data from the Seattle Midlife Women's Health Study, that peak reporting of severe poor sleep symptoms (especially night-time awakening) occurred during late MT stages and early postmenopause. Freeman et al.'s [17•] analysis of poor sleep in relation to the natural menopause showed relative consistency in prevalence across study years (28-35%); overall, they found no significant differences in any year relative to the FMP. The annual prevalence for any sleep problems and waking several times in our cohort was 20-45% from pre-FMP through post-FMP (Table 1) . Both studies reported sleep symptoms and neither our study nor that of Freeman et al. [17•] included an impairment criterion to define clinical insomnia, the absence of which could contribute to these high prevalence levels [53] . After Freeman et al. [17• ] stratified by sleep problem severity level at the premenopausal baseline, premenopausal sleep severity status strongly predicted poor sleep around the FMP. They also indicated that a small at-risk subgroup had a significant increase in poor sleep in relation to the FMP, perhaps similar to the group we identified as having an increasing trajectory. Among women with mild sleep problems in premenopause, Freeman et al. [17•] noted that only those who reported moderate/severe sleep problems during the later postmenopause years (i.e., 3-10 years postmenopause) had a significant increase in sleep problems around the FMP.
In our analysis across the entire MT (Fig. 3) , we found that the prevalence of sleep problems increased in all groups, as is also reflected in Table 1 and in Fig. 2 . This increase was slow in 3 of the 4 groups, which accounted for almost 85% of the women, as shown in Fig. 3 . Using the pre-FMP group membership as a predictor for problems waking several times during the combined periods of trans-FMP and post-FMP, we found an overall significant time trend of worsening sleep problems with no difference between groups (lack of interaction, data not shown). However, in the final adjusted model (Table 5) , time was significant only in the post-FMP model. We anticipated that our preselected covariates, i.e., trouble falling asleep, early morning awakening, VMS, and reproductive hormones, would show significant associations with our sleep outcomes, based on our previous studies as well as on Freeman et al. [17•] and two reviews [20•, 34•] . After including these variables in the models for problems waking several times, few other covariates were significantly associated with the sleep outcome variable, and even those covariates did not significantly affect the robustness of the main associations. Notably, physical activity, sleep medications, alcohol, and caffeine did not demonstrate significant associations with trajectories for waking several times.
Studies included in the reviews generally concurred that VMS are significantly associated with sleep problems in women transitioning to menopause and beyond, particularly when sleep problems are assessed by self-report. In an experimental menopause model, Joffe et al. [47] demonstrated that nighttime VMS correlated with increased sleep fragmentation on polysomnography. However, the VMS-sleep association has been observed less consistently when sleep is assessed objectively. Moreover, the associations we found between the pre-FMP trajectories and post-FMP sleep maintenance problems persisted even after adjusting for VMS. Shaver and Woods [34•] commented that nighttime wakefulness influences how nighttime VMS are reported upon awakening, suggesting that this association may be dependent more on the subjective perception of sleep than on the physiologically assessed sleep state.
Although VMS can persist well beyond the FMP, perhaps at least as long as a decade [35, 54] and continue to be associated with sleep problems, variability in reproductive hormone concentrations (i.e., E2, FSH) do not share a similarly Different from most prior studies, which analyzed subjective sleep problems/disturbance during the MT as a single-item global construct of sleep, we included all three types of sleep problems in the same analysis to examine trajectories of the most common problem, sleep maintenance. Noting that about 75-80% or more of the women who experienced problems falling asleep or early morning awakening also reported problems waking sleep several times (Table 1) , it was not surprising to see that both of these time-varying covariates demonstrated independent associations with sleep maintenance problems. Nevertheless, the main effect for pre-FMP trajectories for waking several times predicting post-FMP trajectories remains highly significant across the post-FMP time periods.
More surprising was that depressive symptoms did not contribute significantly to the sleep problem after we controlled for the main independent variable and preselected covariates, and anxiety symptoms were significantly associated only in the post-FMP, but in the direction opposite to what would be anticipated, i.e., lower anxiety symptom score was associated with reporting more sleep maintenance problems during the post-FMP period. Freeman et al. [17•] found that higher anxiety symptom and perceived stress scores were significantly associated with poor sleep, but depression was not a significant risk factor in their adjusted analysis either. We did not include perceived stress in our analyses due to its collinearity with depressive symptoms. A possible explanation for the lack of association with the CES-D score may be due to collinearity with VMS, because the latter has been linked to depressed mood [55, 56] . Moreover, anxiety, which Freeman et al. [17• ] noted has been identified as the strongest predictor of poor sleep quality in previous studies [57, 58] , commonly coexists with depressed mood and with VMS in midlife women [59] . We cannot explain why anxiety symptoms were negatively associated with waking several times, but what does seem clear is that associations between depressed mood, anxiety, VMS, and poor sleep across the MT and into postmenopause involve complex and likely bidirectional interrelationships.
Strengths of the SWAN and our longitudinal analysis include a long follow-up in a large community sample of women unselected for sleep problems, which enhances the generalizability of our sample and decreases the risk of selection bias. Although use of self-report measures of sleep problems carries a risk of information bias, it is a clinical gold standard for sleep fragmentation problems as insomnia treatment is initiated based on patients' self-report. The same three questionnaire items, which are based on the Women's Health Initiative Insomnia Rating Scale [60] , a valid and reliable self-report measure of sleep disturbance in menopausal women [61] , have been administered repeatedly since the SWAN baseline assessment in 1996-1997. Rather than using menopausal stages based on bleeding criteria as in our previous analysis [21] , we defined pre-FMP, trans-FMP, and FMP according to time centered on the FMP date, providing time periods that were consistent with the STRAW +10 staging system. Using trajectory models centered on the FMP, we examined how sleep maintenance patterns varied across the MT and distinguish subgroups of SWAN women with distinct transition experiences in sleep maintenance. It is important to note that our findings may not generalize to surgically menopausal women.
SWAN is one of the largest and longest followed-up racial/ ethnically diverse studies of the MT. Use of group-based trajectory modeling accounted for heterogeneity within the sample, allowing us to identify groupings that are both statistically sound and scientifically valid [35] . Using the available premenopausal and postmenopausal observations and withinwoman duration (i.e., time), we were able to evaluate sleep maintenance trajectories pre-and post-FMP. The large sample and number of observations provided sufficient statistical power to control for the effects of a number of covariates. Nevertheless, to achieve convergence of the models, we needed to limit the covariates included in order to obtain a parsimonious model that both converged and fit the data best. Also, although SWAN is a multiethnic/multiracial cohort, because race and site are confounded due to study design and because the race/ethnicity distribution in the various trajectory groups led to some sparse cells, we statistically adjusted for but could not examine the contribution of race/ethnicity in this analysis.
Conclusion
Our analytic approach using pre-FMP sleep trajectories to predict sleep trajectories in the time periods after the FMP allowed us to examine how sleep changes across the MT and into the postmenopause by separating the effects of menopause from pre-existing sleep problems. Our findings add to current knowledge regarding patterns and persistence of sleep complaints among midlife women transitioning to menopause and during the early postmenopausal years. Clinicians might find it reassuring that for the majority of women, their symptom levels do not get worse across the MT, yet they should be vigilant for those midlife women whose symptoms do worsen as well as those who continue to have a high level of persistent sleep maintenance problems.
